Anti-melanoma differentiation-associated gene 5 (MDA5) antibodies are frequently detected in amyopathic dermatomyositis with rapidly progressive interstitial lung disease (RP-ILD). However, the presence of anti-MDA5 antibodies in other connective tissue diseases is not well known. We herein report a case of rheumatoid arthritis complicated with refractory anti-MDA5 antibody-positive ILD. A 75-year-old Japanese woman was referred to our hospital for refractory ILD. Serological testing was positive for anti-MDA5 antibody without any muscle or skin lesions. Immunosuppressive therapy (prednisolone and tacrolimus) ameliorated her symptoms as well as ILD. Anti-MDA5 antibody-positive ILD, as well as dermatomyositis with RP-ILD, can occur in patients with rheumatoid arthritis.
Introduction
Myositis-specific autoantibodies (MSAs) are autoantibodies specific to idiopathic inflammatory myopathy, and they have recently been used to help diagnose polymyositis/dermatomyositis (PM/DM) (1) . Many of these antibodies are associated with a unique clinical subset of PM/DM, making them useful for predicting and monitoring certain clinical manifestations.
Interstitial lung disease (ILD) is often accompanied by PM/DM, including a subset of clinically amyopathic dermatomyositis (CADM). Anti-melanoma differentiationassociated gene 5 (MDA5) antibodies are frequently detected in CADM with rapidly-progressive ILD (RP-ILD), which is often fatal during the early stage of illness (2, 3) . Anti-MDA5 antibodies have been reported to be associated with the disease activity of DM with RP-ILD, and these antibodies have an important role in the onset of lung disease (4) . However, the presence of anti-MDA5 antibodies in other connective tissue diseases (CTD) is not recognized, especially in patients complicated with ILD.
We herein report the case of a patient with rheumatoid arthritis (RA) complicated with anti-MDA5 antibody-positive refractory ILD during immunosuppressive therapy.
Case Report
A 75-year-old Japanese woman was referred to our hospital for refractory ILD from a hospital where she had been treated previously. She had received surgeries for cholecystitis, appendicitis, and myoma uteri. She had no history of smoking. Ten years earlier, she had suffered polyarthralgia and joint swelling of the wrists and knees. She was diagnosed with RA based on her symptoms and was positive for rheumatoid factor (RF) (194 IU/mL) and elevated anti-cyclic citrullinated peptide (CCP) antibodies (7.5 U/mL).
Chest X-ray showed slight ground-glass opacification (GGO) in both lower lungs. No symptoms of myositis were found, including normal serum creatine kinase (CK) levels (57 U/L). She received low-dose prednisolone (PSL, 5 mg/ day), salazosulfapyridine (SASP) (known as sulfasalazine in 
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A er treatment A B the US), and methotrexate (MTX, 6 mg/week). However, the arthralgia was sustained, and the administration of adalimumab (ADA, 40 mg/2 weeks) was started at 1 year after the initial treatment. Subsequently, the symptoms and activity of RA, as well as ILD, were reduced and were stable for nine years.
One month before admission, the patient reported a common cold following a persistent dry cough. Two weeks later, she visited her previous hospital for dyspnea and arthralgia in both knees. Chest computed tomography (CT) showed diffuse GGO with traction bronchiectasis predominantly in both lower lungs. Krebs von den Lungen-6 (KL-6) was elevated to 2,150 U/mL. She was hospitalized and received methylprednisolone pulse therapy (mPSL 500 mg for 3 days) following oral 35 mg of PSL. However, she complained of sustained dyspnea. She was therefore transferred to our hospital for further treatment.
On admission, her body temperature was 36.4°C, and her blood pressure was 150/83 mmHg. A physical examination showed fine crackles in both lower lungs. Neither skin lesions nor muscle weakness were observed. She complained of arthralgia and joint tenderness in both knees. Her oxygen saturation by pulse oximetry was 98% on 3 L/min of oxygen flow via nasal cannula. Chest X-ray and chest CT showed diffuse GGO with slight traction bronchiectasis predominantly in both lower lung fields, with no remarkable improvement from images taken before steroid pulse therapy (Fig. 1A, 2A, C) . X-rays and CT scans of the hands showed bone erosion as well as joint space narrowing on both hands (Fig. 3) . The RA activity scores using the Disease Activity Score with erythrocyte sedimentation rate (DAS28-ESR) (4) were 3.63, indicating moderate disease activity. The laboratory data showed elevated white blood cell counts (18,000/ μL), LDH (lactic dehydrogenase) (315 U/L), and serum creatinine (1.01 mg/dL). The CK and aldolase levels were normal (28 U/L and 6.6 U/L, respectively). KL-6, surfactant proteins A (SP-A) and D (SP-D) levels were all elevated (3,820 U/mL, 53.5 ng/mL, and 262 ng/mL, respectively). The RF and erythrocyte sedimentation rate were also elevated (19 IU/mL and 20 mm/h, respectively). Anti-CCP antibodies and anti-SSA antibodies were negative (Table 1) . There was no clinical or laboratory evidence of infection. Unexpectedly, as Table 1 shows, increased anti-MDA5 antibody levels were detected (53 index). Based on these findings, a diagnosis of RA complicated with ILD accompanied by elevated anti-MDA5 antibodies was finally established.
The clinical course is summarized in Fig. 4 . MTX, SASP, and ADA were discontinued due to suspicions of druginduced ILD. After systemic screening, the patient received mPSL pulse therapy (1 g/day for 3 days) followed by 30 mg of oral PSL and tacrolimus (TAC, 1 mg/day, increased up to 1.5 mg/day). After TAC administration, her symptoms, including the lung shadows, improved. However, the ILD relapsed when oral PSL was tapered to 20 mg/day. She received mPSL pulse therapy again followed by an increased dose of PSL (60 mg/day). Her symptoms improved gradually, and the ILD became stable with oral PSL and TAC (Fig. 1B, 2B, D) . However, she later suffered thrombocytopenia and was diagnosed with aplastic anemia by a bone marrow examination. Intravenous cyclophosphamide therapy was not performed out of consideration of bone marrow suppression. After transfer back to her previous hospital, her PSL doses were successfully tapered to 10 mg/day with no major relapse.
Discussion
Anti-MDA-5 antibodies are often detected in patients with CADM, and these antibodies are particularly markedly elevated in patients with RP-ILD (5, 6). Sato et al. reported that this antibody is only detected in DM patients with ILD/ RP-ILD (6, 7). Furthermore, it has been reported that the anti-MDA5 antibody titer correlates with the disease activity and predicts the disease outcome in patients with DM and RP-ILD (4). Indeed, idiopathic interstitial pneumonia (IIP) patients with RP-ILD showed decreased anti-MDA5 antibody levels after immunosuppressive treatment (from 147 to 48 index), as in the present case (Fig. 4) (8) . However, in contrast to these previous reports, several cases of patients with anti-MDA5 antibody-positive ILD without typical der- (8, 9) . These cases were reported as arthritis with a clinical suspicion of RA and IIP complicated with RP-ILD, with patients being found to be positive for anti-MDA5 antibodies without any skin lesions (Table 2 ). These cases were treated with mPSL pulse therapy, high-dose PSL, and immunosuppressants (cyclophosphamide, calcineurin inhibitors, etc.).
In our patient, the lung shadows were deemed unlikely to be RP-ILD, as both lung shadows mainly consisted of a nonspecific interstitial pneumonia (NSIP) pattern, rather than a typical RP-ILD (10) . A previous report indicated that patients with anti-MDA5 antibody-positive RP-ILD mainly show lower consolidation or GGO patterns and random GGO patterns on chest CT (10). In RA patients, complica- tion with NSIP is relatively common, in contrast to the relatively low occurrence of diffuse alveolar damage (11) . In addition, NSIP can relapse despite immunosuppressive treatment, in contrast to the typical course of anti-MDA5 antibody-positive RP-ILD (2). Indeed, not all patients with anti-MDA5 antibody-positive RP-ILD show the typical clinical features of RP-ILD. As described previously, anti-MDA5 antibody-positive CADM patients with RP-ILD are typically resistant to immunosuppressive therapy and have a poor outcome for the first six months of the diagnosis; however, the prognosis in those who survive the first six months is good, and the recurrence rate is very low (2). Of note, though: Sato et al. described a case of anti-MDA5 antibody-positive CADM with recurrent deterioration over nine years (12) . In addition, a case of CADM with anti-MDA5 antibody-positive RP-ILD showing a non-DAD pattern (NSIP pattern) has also been described (13) . These previous findings suggest that another type of anti-MDA5 antibody-positive ILD (NSIP without other RP-ILD symptoms) may exist.
Regarding why CADM with RP-ILD-specific anti-MDA5 antibodies was detected in a case of non-PM/DM CTD, one possibility is that anti-MDA5 antibodies originally exist in non-PM/DM CTD in relatively low titers and/or frequency. Previous reports have indicated that a very small number of patients show slightly elevated levels of anti-MDA5 antibodies (nearly at the cut-off) according to an enzyme-linked immunosorbent assay (ELISA) (6, 7) . MDA5 and anti-MDA5 antibodies may play an important role in lung disease development, as anti-MDA5 antibodies are closely associated with the disease activity of CADM with RP-ILD (4). Since anti-MDA5 antibodies are not routinely investigated in ILD without DM symptoms, their prevalence in non-PM/DM CTDs may be underestimated. Genetic factors may also play an important role in PM/DM with ILD development. Recently, a variant of the WDFY family member 4 (WDFY4) gene was found to have a significant association with CADM in a genome-wide association study (14) . This report suggested that WDFY4 and its variants might be associated with the disease development of anti-MDA5 antibodypositive CADM by augmenting NF-κB activation through MDA5 interaction. Interestingly, the association of variants in WDFY4 is also reported in RA and systemic lupus erythematosus (SLE) in Asian populations (15, 16) . These findings suggest that these genetic factors may be associated with ILD occurrence in not only patients with CADM but also those with non-DM ILD (RA and SLE). Further investigations will be needed to clarify this issue.
Another possibility is that skin lesion development is masked by immunosuppressive therapy to treat preceding arthralgia in the course of DM/CADM with ILD development. In fact, patients with DM with RP-ILD who initially show arthralgia and are positive for RF mimicking RA symptoms (non-erosive arthritis) have been reported (17) . However, this likelihood is quite small, as the present and previous cases showed no skin lesions throughout the clinical course (Table 2 ). In addition, as Fig. 3 shows, our patient had obvious RA features with a long disease duration (almost 10 years).
In our case, the tumor necrosis factor (TNF)-α inhibitor ADA was used for refractory RA treatment before ILD exacerbation. TNF-α inhibitors are effective in RA patients; however, severe adverse events, including autoimmune disease development (lupus-like syndrome), have been reported (18, 19) . The pathogenesis of autoimmune disease onset can be explained by upregulated interferon alpha (IFN-α) production due to blocking TNF signaling (18, 20) . Previous reports have indicated that cases of anti-MDA5 antibody-positive DM show elevated serum IFN-α levels and serum ferritin levels (21) . These facts indicate that TNF-α inhibitors can also affect the initiation of ILD flare in patients with anti-MDA5 antibody-positive ILD by increasing serum the IFN-α levels. Serum IFN-α and ferritin levels were not measured before immunosuppressive treatment in the present case (ferritin levels were normal after immunosuppressive therapy, 51 ng/mL). In the treatment of patients with anti-MDA5 antibody-positive ILD, monitoring such variables can be useful.
In conclusion, anti-MDA5 antibody-positive CTD with ILD can exist in patients other than those with DM/CADM. Further investigations are needed to clarify the clinical features of such cases.
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